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I.  SUMMARY 


The  flotation  to  tho  oi^plifiod  two  body  pro  bias  to 
prooontod  boood  on  tbo  paranotaro  of  tho  radial  and  ncraal 
ooapoaonta  of  Talooltjr  an  da  diaanaloalaaa  by  diTioion  by  tbo 
circular  Telocity  at  injection  0  Tbo  orbital  and  dymaio 
elaaorrta  ara  praoantad  In  graphical  fern  for  rolooltioo  up 
to  ton  tiaoo  tha  circular  to  loo  tty  at  injection. 
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A.  ASSUMPTIONS 

The  eye  ten  defining  the  ainplified  two  body  p  rob  lorn  oonalata 
of  two  bodice  i  one,  tha  attmotlng  body  oonaidered  aa  a  point  maa, 
Mj  tha  othar  tha  revolving  body  oonaidarad  aa  a  point  with  infini¬ 
te  aim  I  aua,rn  .  An  attraction  foroa  ia  anr tad  on  aach  body 
aocordlng  to  Kevton'a  Imre  roe  Square  law  of  Gravity.  Tha  aaau^p- 
tlona  mthaaatioally  rapraaantad  arot 
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B.  BQBSAJtl  DfTTIAL  C  OND  IT  I  OHS 

To  obtain  a  ooaplete  aolution  a  particular  two  body  problem, 
tha  following  mat  ba  apaclfladi  tha  maa  of  tha  attract  lag  body,  M  ; 
tha  diatanoa  batman  tha  tve  bod  la  a,  r'  j  tha  angular  dlatanoa  from 
•om  rafaranoa  lina,  0.  ;  tha  tin,  1 1  \  the  velocity  of  tha  revolving 
body  with  raapact  to  tha  attracting  body,  ^  j  and  an  angla,  taken  aa 
tha  angla  tha  velocity  vector  mkea  with  a  norm  1  to  tha  oonnectij^ 
lina  batmen  tha  two  bod  lea,  ^  • 
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Te  simplify  th*  eolation,  the  Jo  Having  conventions  nr*  ^de. 

1.  Tin*  1*  taken  *■  s*ro  for  th*  initial  point, 

2.  All  dlsteno e«  art  aad*  dln*n*lonl***  by  dir ia ion  by 
th*  initial  distance. 

3»  All  velocities  ara  nado  dinotwlonlaaa  by  division  by 
♦•h*  velocity  *t  tb*  initial  distano*<> 

C.  SSLKTIOf  AMD  DVIIlTKir  GT  PARAMETERS 

Tb*  oritorla  used  in  selecting  th*  panansters  i*  th*  potential 
to  a  Miami  oat*  all  th*  orbital  infonation  in  th*  ao*t  explicit  aaa- 
n*r.  To  universalis*  th*  eolation,  th*  additional  stipulation  la 
aad*  that  th*r*  oanaet  b*  any  diract  d*p*nd*n*y  on  th*  nagnitud*  of  th* 
attracting  body* 

?b*  aatiafyinc  of  th*  latter  requl -oaant  1*  boat  aooo*pli*h*d 
by  utilising  th*  circular  velocity  oorr**ponding  to  tb*  initial  dis- 
tanoo,  which  involve*  both  tb*  nagnitad*  of  th*  attracting  body  a^4 
th*  initial  dlstanoo. 


For  a  particular  ^  aad  n,  ,  any  z/Z  ,  K  *onhln*tl*n  uniquely 
detemina*  the  orbit.  It  1*  than  ***n  that  two  paraantere  ar*  suffl- 
oitnt  if  on*  of  than  involve*  th*  abov*  aentionad  oiroular  velocity * 
Th*  paraaater  o^abimtlon  K  *  K  *  whore 


l/o  = 


_ 

a  a/  y  * 


*n  th*  obvlcu*  ahoioa,  but  ha*  th*  disadvantage  of  different  unite. 

To  fora  a  oon* latently  defined  eonblnation  which  is  indicative 
of  th*  initial  injection  oondltion*p  th*  above  dlaensionl***  velocity 
is  resolved  in  a  radial  direction  (<*  )  and  a  nornal  direction  (  p  ). 

cx  *  ]/B  s/n  ^ 


(9  z  V. 


c  os  <K> 


FORM  NO.  h-m- 1 


CONVAIR 


ASTRONAUTICS 


r 


REPORT  OR-'Jfe 
pm__9 _ 


Tta*  initial  launch  angle  and  velocity  bacons 

/<>  “  ri?/? 

4 

K,  =  y 1 

There  are  four  uni  qua  ooebinationa  of  a  ^  ,  which  define  four 
orbit*  ohaxuoteriied  byt 
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D.  EQUATIGK3  CT  NOT  10* 

The  foroea  acting  oa  tha  body  oan  ba  resolved  Into  ooaponent a 
oonalatlig  of  a  foroa  in  tha  radial  direction  and  a  foroa  in  tha 
noraal  direction.  Tha  foroea  acting  on  tha  revolving  body  oan  ba 

axpraaaadt 
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where  tha  total  foroa  la  rapraaantad  toy 

F  =  />  r  +  Fe  &  < 

Aoaording  to  Kevton'a  Second  law,  tha  foroa  la  equal  to  tha 
■aaa  tinea  the  aooeleretlon.  Being  tha  fanlllar  expression  for 
aeoalaration  in  polar  ooordlnataa,  the  foroa  la 
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VI.  BASIC  AXAIJSI3 

A.  HCRMAL  VELOCITY 

Corparing  $)  and  6),  the  normal  force  term  in  7)  oan  be 
fet  equal  to  aero  - 

O  =  rr>('so+jr£)  8 

The  quantity  in  the  perentbeeie  oan  also  be  written 

JL  c/  fr*  a )  _  9 

''  c/t  '  ^ 


Ae  the  differential  of  a  constant  is  lero,  9)  reduoes  to 

c  =  /- '  6 
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Applying  the  general  definition  of  the  normal  relooity  giren  in 


3^  for  the  initial  conditions 
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In  general,  the  normal  dlmeneionlees  relooity  is 
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B.  RADIAL  VKLOCITT 

Setting  the  radial  foroe  term  in  7)  equal  to  that  found  in  $) 
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Xliminatlng  O  by  using  10),  and  introducing  the  circular  relooity 
from  2),  13)  can  be  solred  for  Y 
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Inta grating,  •  Hal  da  ting  tha  constant  by  lotting  r*  <•  whan  r 
,tha  final  aquation  for  tha  radial  velocity  ia 

^  ’4  ’  * '■**"- o *  » 

© 

vhara  ,  tha  velocity  paraaatar  f  ia 

■f  *  a  -  <x  -a 


For  tha  initial  radial  velocity#  tha  aign  la  ohoaan  to  antoh 
tha  aign  of  cx  .  For  othar  than  tha  initial  condition,  a  ohaak 
■oat  ba  aada  to  datandna  what  bar  tha  body  in  on  tha  aida  of  tha 
orbit  vhara  tha  radian  la  lnoraaaing  in  tha  dlraatlon  of  notion, 
or  vioa  varan. 


C.  PBHQKK  AHCU 

In  order  to  obtain  r  aa  a  function  of  e  # 
tainad  from 


ia  first  ob- 


Being  12)  and  15)#  and  noting  that  —fM  =  -  c/(- 
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cos  * 

a 


appllaa  whan  17)  ia  put  in  tha  following  fora 
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Tha  porigec  dlatanoe  La  given  below  and  lta  on  kart  before  it  la 
derived  la  allotted  aa  ttaa  raaalt  of  thie  Motion  daoa  not  affect 
the  ana lye la  loading  to  lta  derivation* 
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Integrating  19)  between  ttaa  Hal  to  of  tha  Initial  point  and  porlgoo 
reaulta  In 


3- 


/»/>•-  //* 


C  Oj 


r- 


prr-')*. 


21 


Inraatlgatlng  tka  raad.lt  for  tho  four  pooalbla  orbits,  ualng 

Cos  (-  x)  *  77~  —  cos'jf  22 

It  la  found  that  Orbita  I  and  III  and  frfclta  II,  IT  kva  tba 
anna  parigaa  aaglee.  87  introducing  tba  arbitrary  aoaraatloa  of 
aoe earing  tha  porlgoo  angle  In  tka  appaolto  diraotlon  fron  vhieh 
tha  body  la  traveling,  tha  porlgoo  aagloa  banana 
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D.  radius  as  a  function  of  true  anomalx 

Integrating  19)  between  the  Unite  of  the  initial  point 
and  a  general  point 
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Considering  the  four  possible  orbits  and  the  oorresponding 
initial  perigee  angles,  24)  sen  be  reduoed  to 
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for  all  four  orbits.  The  true  anomaly  4>  is  given  for  the  four 
CTbits  by 
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Orbit  III 


Or bit  IV 


-  -  e  c 


The  true  anomaly  determines  whether  or  not  the  body  & s  on 
the  side  of  the  orbit  where  the  radius  is  Inareasing  in  the 
direction  of  notion,  or  rloe  versa.  For  positive  f 
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For  negative  f 

77  +-I77n  <  £  <177  y-  j  77" r)  28 

where  7)  is  tbs  nuaber  of  tlass  tbe  body  has  passed  perigee. 

I.  DYNAMIC  A  HD  CUBITAL  ELEMENTS 

Equation  25)  oan  be  ooapared  with  tbs  standard  aquation 
of  tha  oonio  saotlan  in  polar  ooordinatas  in  ordar  to  determine 
tha  elements  of  tbo  oonio  saetion.  Tbs  rasulta  ara  shown  in 
Tabla  I. 

Tbs  calculation  of  tha  dynamic  alaasnts  la  straight  forward 
and  suaaarlsed  in  Table  2, 

It  should  ba  noted  that  aaoh  figure  ia  alao  a  plot 
of  <<■,  as  oan  be  eeen  from  Figure  6. 
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